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BACKGROUND - STUDY AIM

1. Estimation of genetic parameters for
resilience indicators in the German dairy
cattle population in across-breed analysis

2. Estimation of correlations between
resilience indicators and performance traits

3. Comparison of several variance-based
parameters

4. Comparison of resilience indicators in the
breeds German Holstein (HF), Fleckvieh
(FV) and Brown Swiss (BV)

Background
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BACKGROUND -
WHAT IS RESILIENCE?

,» 1he ability of an individual to recover
quickly after a short-term disturbance and
perform as before with equilibrium
restored.”

based on Colditz and Hine 2016 & Berghof et al. 2019

Background
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BACKGROUND - METHODICAL APPROACHES

« Several approaches to phenotype and measure ability of being resilient

/ ! N\

Resilience Indicators
(Poppe et al. 2020, 2021, 2022)

* Applied to different species like dairy cattle (e.g., Poppe et al. 2020) and chickens

(e.g., Doekes et al. 2023) and reference traits like daily milk yield (e.g., Chen et al. 2023) Or
daily step counts (Poppe et al. 2022)

Background



BACKGROUND - RESILIENCE INDICATORS

deviation from mean

Quantifies the upward — down-
ward fluctuations in performance

low variance

Variance

o
o
deviation from mean
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high variance
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Autocorrelation
* Indicates the time until recovery

from disturbances

low autocorrelation

deviation from 0

deviation from 0

high autocorrelation

The smaller the resilience indicator, the more resilient is the individual.

Background

Figure was created with BioRender



METHODS - DATA PREPARATION

« 13949 lactations from 6731 dairy cows
raised in Baden-Wurttemberg

* Breeds: German Holstein (HF), Fleckvieh
(FV) and Brown Swiss (BS)

 Farms with AMS and participating in
projects KlimaFit or KuhVision

Milk Yield

* Lactation curve modeled with p-spline
iInterpolation using pspline in R (Ramsey &

Ripley 2022), weighting perturbed days

« Lactation limited to day 10 to 305

Days in Milk

Methods
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METHODS - TRAITS

305-day-milk yield
305-day-protein yield
305-day-fat yield
305-average-daily-milk yield

Performance

Absolute daily milk yields Phenotypic observations

Proportion of absolute daily milk
yield to 305 day milk yield

Between observed and expected
daily milk yields

Relative daily milk yields
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Deviation

Methods
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METHODS - STATISTICAL ANALYSES

RN i offects:

y vector of phenotypic observations Age at first calving

b vector of fixed effects Lactation

u vector of additive genetic effects; u ~ N(0,Aq2) Breed

pe vector of permanent environment effects Herd-Year-Season (hys)

e vector of residual effects For Resilience Indicators:
Completeness of the

W, X, Z incidence matrices lactation

Bivariate Analysis: Using the same model, only hys as a random effect

All analyses were performed using ASReml R.

Methods



RESULTS — ACROSS-BREED ANALYSIS

. Heritabilities in bold on Trait el I

-')160 0.846 0.088

the diagonal, genetic

correlations below and 0.161 0.074
phenotypic correlations 0171 10.047
abqye theldla.gonal of 0792 -0127
resilience indicators

0.843 -0.302
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0.738
0.871
0.072
0.771
0.183

« Correlations between autocorrelation and variance-based parameters

were negative

« Correlations between different variance-based parameters were positive

Results
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RESULTS — ACROSS-BREED ANALYSIS

« Genetic correlations t I
between resilience 0.029 0.102 0.065

indicators and 305 day- -0.012 0.085 0.067

performance traits with p- 0321 0064 0.265
value <0.05 marked as 0498 -0319 -0.497

bold
-0.507 -0.182 -0.522

« Variances of absolute daily milk yields were positively and variances of
relative daily milk yields were negatively correlated with performance
traits

* Autocorrelation was positively correlated with performance traits

Results



RESULTS - HSD TUCKEY-TEST
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 Mean comparison of breeds for three resilience indicators
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variance

BS FV HF

3.31

311

2.91
0.50 .

—
variance

BS FV HF

-14.21

-14.41

I -14.67

BS FV HF

Plots were created with biometryassist in R (Nielsen et al. 2022)

Results
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DISCUSSION

» Estimated values for heritabilities and genetic correlations were
comparable to literature (Eigersma et al. 2018; Poppe et al. 2020; Chen et =l. 2023)

» Autocorrelation and variance-based parameters were negatively correlated
» Previously, negative and positive correlations were observed

» Influence of baseline fluctuation of the milk yield

e Variance-based parameters were different traits
» Moderate comrelations between the variance-based parameters (r < 0.847)

Discussion
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DISCUSSION - VARIANCE-BASED PARAMETERS

Scale Effect

!

* Variances based on absolute daily milk 40
yield increases with increasing
performance level

Disturbance leads to
an absolute decrease
in milk yield of 10kg

|

-29 % -33 %

30
» High performing cows were less resilient

> But: variances were affected bei
performance level - Scale Effect

Daily Milk Yield
M3
-

10

Cow A Cow B

Figure was created with BioRender

Discussion
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DISCUSSION - VARIANCE-BASED PARAMETERS

* Variances based on relative daily milk
yield decreases with increasing
performance level

» High performing cows were more
resilient to disturbances

> But: disturbances could affect other
functions instead of performance - |
Resource Allocation Theory - & o -

Figure was created with BioRender

Discussion
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DISCUSSION - BREED COMPARISON

* Variance-based parameters were lowest in BS
» Coped better with disturbances

» Was possibly less affected by disturbances

e Autocorrelation was lowest for FV
» Had a shorter recovery time

» Had a higher baseline fluctuation rate

* Results were contrary to a previous study (Adriaens et al. 2023)

» Possible differences in the husbandry environment instead of genetic
predisposition

Discussion
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CONCLUSION

* Resilience indicators variance and autocorrelation can adapt to German
dairy cattle population, whereby estimation of heritabilities were low to
moderate and comparable to other dairy cattle populations

* Variances based on relative daily milk yields are adjusted for
performance level and thus may be more informative, but further
research, especially by conducting bivariate analyses with functional and
health traits, is needed

 Differences between breeds were found, but further studies need to
better differentiate between the effect of genetics and husbandry
environment

Conclusion
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The project is funded by the European Innovation Partnership ,,Agricultural
productivity and Sustainability® (EIP-AGRI). The funding measure is a
measure of the ,Mallnhahmen- und Entwicklungsplan Landlicher Raum Baden-
Wurttemberg 2014-2022" (MEPL 1ll1). The project is funded by the State of
Baden-Wuerttemberg and by the European Agricultural Fund for Rural
Development (EAFRD).
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